;edemx@*6° Tv G1l6 June 2003  TITLE OF THE | NVENTI ON. M XED- RESkSTWNSYCBD03
STRUCTURED PACKI NG BACKGROUND OF THE | NVENTI ON The present invention

rel ates to m xed-resistance structured packi ng and net hods for assenbling
such packin 'M\\ange colum. The m xed-resistance structured packing
has parti cuﬂm\ on in exchange colums, especially in cryogenic air
separation procegses’t although it also may be used in other heat and/or
mass transfer processes that can utilize structured packing. The term
"colum", as [ means a distillation or fractionation colum or
zone, i.e., jm\@‘w@m\m\ ne wherein |iquid and vapor phases are
countercurre ntacted to effect separation of a fluid m xture, such as
by contacting of “##& vapor and |iquid phases on packing el enents or on a
series of vertically-spaced trays or plates nounted within the colum. -1
16 June 2003 The term "colum section" (or "section") means a zone in a
colum filling the colum dianeter. The top or bottomof a particular
section or zone ends at the liquid and vapor distributors, respectively.
The term "packi ng”" nmeans sol i dTIOLE [@H Tew INGENEEONf predet erm ned si ze,
shape, and configuration used as columm internals to provide surface area
for the liquid to all oW IHESRESMSBARCE STRUGTUREDIRAGKIDG i nterface during
countercurrent flow of two phases. Two broad cl asses of packings are
"randont and "structured".

BACKGROUND OF THE INVENTION
The present invention relates to mixed-resistance structured packing and methods
for assembling such packing in an exchange column. The mixed-resistance structured
packing has particular application in exchange columns, especially in cryogenic air
separation processes, although it also may be used in other heat and/or mass transfer

processes that can utilize structured packing.

The term, "column”, as used herein, means a distillation or fractionation column or
zone, i.e., a column or zone wherein liquid and vapor phases are countercurrently contacted
to effect separation of a fluid mixture, such as by contacting of the vapor and liquid phases
on packing elements or on a series of vertically-spaced trays or plates mounted within the

column.



"Random packi ng" neans packi ng wherein individual nenbers do nqt ﬂﬁ%e
particular orientation relative to each other or to the colum axis.” Random
packings are small, hollow structures with large surface area per unit
volune that are | oaded at randominto a colum. "Structured packi ng” means
packi ng wherein individual nenbers have specific orientation relative to
each other and to the colum axis. Structured packings usually are nade of

expanded net al TRY te¥ Ve SE:ti8RT (BEReEAROKBES JoAY M & cAUmATIIERIHeHolumn
wi ndi ngs. !'n processes such as distillation or direct contact cooling, it

i s advant ageeus. HRcUSS oS bbtH UF g%gaﬁafgir B8ctoh &rzeﬁpkﬁd@s%eqﬁgehd%ﬁmageﬁm er

bet ween counter-flowing liquid a vapor streans. Structured packin

conpar ed Mt %Eeﬁfém ng or trays, offers the benefits of higher

ef fici enc%!/}%t%g?{oﬂsre’]gt and mass transfer with lower pressure drop. It also has
nore predictab B c r m. packing. ni.c.separation of
air is carri edhgeu@ﬁﬁyggpcgggi ﬁ‘ggpggﬂﬁdgﬁgﬁl&o “\Bgopdéers chﬁ) re%ﬁeﬁ?@reg&}zree PEoRTACt
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nitrogen), while a liguid phase of the m xture descends with an_ever

or eget nepBtst b e it Re BT Meracs audia G Al PEEE ApE APt g ToGgasbn)
Various packings or trays may be used to bring the _2_ 16 June 2003

liqui d andetpES&bRackifsss @Pdf”ﬁeaﬂﬁ?xﬁtw&f‘r?%o contact to acconplish nass
transfer between the phases. There are many processes for the separation of
air by cryogenit@ndat PakiIG MEaNSRICKING WIERsIb INsiMidual megibersdp gl bave axy gen,
argon, etc.). A typical cryogenic air separation unit 10 is shown

schemat i crarigularerEnéiiee ralativg igreash«lais te thegcallinen axiss Raagommagkinge abise of
a high pressure colum 2. Wthin the high pressure colum, the air is

separ at edsmalt foliivw stoghmeswiti laeae surface asgrdpaupgealugerthetrrd 19adgdiad rardoem
oxygen-enriched liquid 3 is fed fromthe high pressure colum 2 into a | ow
pressure iow aipeiumn. Ni t rogen-enriched vapor 5 is passed into a condenser 6
where it is condensed agai nst boiling oxygen which provides reboil to the

| ow pressure c@tucturedpecking'rngems packircheteleirgindividual separers navappedfid and
is partly fed 9 into the | ow pressure colum as liquid reflux. In the | ow
pressur e aranttion rélbawvefteedsh othed pndtethsepanat &is. b§trodstyred eaickingl edualy atd on
into oxygen-rich and nitrogen-rich conmponents. Structured packing 11 may be
used to bhatgof éNpanéeNined] of Wevér @ik dcraBA sBrREEDMIayEasLss Obird Wehdmgsgen and
nitrogen to be separated. The nitrogen-rich conponent is renpved as a vapor

12, and the oxygRstesbdss cAHRMEIMtiohDr HREER KEktad@TodliNARM advintRyebBS RAtde/el Y,
t he oxygen-rich conponent can be renoved froma location in the sunp

sur r oundi gicAPROPARNG IO BHRARE hebt AR Radd Hihsder RWEST QoubtdraRMinticdldshd S
renoved fromthe | ow pressure colum. The | ow pressure col unm can be
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shown in Figure 1 by way of exa e nost commonly used structured

Cor rugat o RRRH T IS SRR Re T eld Qe Pete P e P 08" Hatsonus
forns of hgaﬁgﬁérggpgg?iagg@%%”%%%&%g 59%@5@' Fga%g%gat ures ainmed at inproving

t he heat ma ransfer “efficiency. le of this type of packing
is disclosed in U S. Pat.

No, 4,296.,050.<g/ei ry. It _also i Il -known in
the prior art rﬁgge%sﬁ?p?%lgnp%{cﬂrn'& ﬁ%ﬁ”% 9“3 t))y passing I?qu'ds ae vapor in
countercurrent contact through a distillation column. A vapor phase of the mixture ascends
with an ever increasing concentration of the more volatile components (e.g., nitrogen) while

a liquid phase of the mixture descends with an ever increasing concentration of the less

volatile components (e.g., oxygen). Various packings or trays may be used to bring the



16 June 2003 spread liquid efficiently and gives good mass transfer.
performance, but nmesh type packing is much nore expensive than PUW%FPOB

t ype packing. The separation performance of structured packing is often
given in terns of height equivalent to a theoretical plate (HETP). The term
"HETP" means the hei ght of packing over which a conposition change is

achi eved which is equivalent to the conposition change achieved by a

t heoreti [ S

bet veon \hor ARG e S R T S Coradtiac TR faGeParior fehREER™
are in eqMéEhgglun1 The smal |l er the HETP of a particul ar packing for a
speci fic separation, the nare eff|C|ent the packi ng because the helght of
packi ng being utili zed decr eases ., wi HETR. e effi

Gt 1 Pac s on CEtrE TRV es [ e ?)%P@k?t}?ﬁ R cavoo?saa@nﬂﬁ%ﬁ%\ﬁwntq i

di anmeter when all the other geonetric a oce s factors are held

Const ant CORRETETH L SHHHHG: SAGROGIEH: Capd PICB LY BT SR T2 as
the dianeter increases froma small|l fraction o ter to several nmet ers,
the HETP$ pewasdeniaticaly inhigurednigbiigssse fe@s‘@ur b'atfed e Sehgpe9b adigN ai ned
by a conbination of two factors - - the flow characteristics and the m xi ng
char act eMragsues colemetd- uMithindhe ighkpigsgs e calviy), theaif iy sapagated jnigunitrogen-
characteristics, even when the initial |iquid and vapor distribution into a
packed seeriched wipoaapd PrYEENFenrishgliguidiniThe prYSentrarghed iquidiBivfeddrmges as
the liquid and vapor flow in countercurrent contact through the packed
sect i on. higispressungycolumn Zrintata lowpréssutstnelunmmydi Nittogen-gpaghed lviRpor disiresaed oss
the cross section of the colum. Also, it is known that a significant flow
of |i qui dntoccenrsieaserttheharelitimeomddrised ajeinetiyoilingdugperywhieh drogdesdrebotdd ng i n
t he packing in an annul ar region of the packing adjacent the wall. The
vapor f1 e loal gresrugdcatarhn c Ohe hitogeny-enmdhied tiguid i79s pantle tapped ramdve pdtin féde
packing than is the liquid flow Thus, there usually is a systematic

vari ati on ihtd thé@wWiressur® calomass lighie refluas $n $eddw presetireoluyr, tiad feeys (1 dy i cal
packed col um as shown schematically in Figure 2. Referring to Figure 2, in

g Eypl Ca'azf@}élepﬂﬁfddca} chagkeid dallumenh Bl okiRheridhSafthn@dgeh-ath SeaERNndSts.
etween -

Structured packing 11 may be used to bring into contact the liquid and gaseous phases of
the oxygen and nitrogen to be separated. The nitrogen-rich component is removed as a
vapor 12, and the oxygen-rich component is removed as a vapor 13. Alternatively, the
oxygen-rich component can be removed from a location in the sump surrounding
reboiler/condenser 6 as a liquid. A waste stream 14 also is removed from the low pressure
column. The low pressure column can be divided into multiple sections. Three such
sections with packing 11 are shown in Figure 1 by way of example.

The most commonly used structured packing consists of corrugated sheets of metal
or plastic foils (or corrugated mesh cloths) stacked vertically. These foils may have various
forms of apertures and/or surface roughening features aimed at improving the heat and
mass transfer efficiency. An example of this type of packing is disclosed in U.S. Pat. No.

4,296,050 (Meier). It also is well-known in the prior art that mesh type packing heips



16 June 2003 the colum inner wall 40 and the packing, which is q%599§§§003
between the parallel broken lines 16 (representing the perineter of
cylindrical layer of packing). The colum axis is represented by broken
line 15. Broken line 17 represents the "nomnal"™ LN ratio for theoretical
or ideal conditions where there would be no variation in the LN ratio
across the cross section of the colum. Solid line 18 is a schematic

represent g +e%e |.§&id feﬁeieﬂﬁyn?wglwg ge;qd(jggsestwkéerr%gﬁym Bk %]u?ﬂgﬁﬂ%g@ gCJk%%,ﬁmtcge

Cross sect TN

hi gher ne%{whgﬁnﬁfé ﬂafmmg%ﬁa|caFr§?§P%§%§%f exce55|ve l'iquid fl ow ng down

t he col unmm I nier wa as’in E?eep sl ope of line 18 above
I . tt f th t ual
1l ustr afQﬁcﬁy%%eﬁspargﬁwp%f%wacezoﬁi g PRtrG RefanpySadbieite A5PeRM e
det ai | f th Ki h b d, dth
cond t ongaualThG MHorqtealFte %%%mehﬁgs ﬁﬁaﬁépfrmﬁ?@.taﬁ Réight pERRANING n

degradation of the separation efficiency of the colum unless it is

m ti gat ed Mg W’éﬁé%l?@ﬁp?ﬁ'tﬂ”r@aﬁge ierehipy Richis @ PPt tp esesnrasttien shange
colum. This is especially true for tight separations such as those used in
cryogeni c aghieved paraatiesreticalplater miheotermi ‘Wasseticabplatel @rgadsia sontactspraress

di aneter colum with a large length to diameter (I1d) ratio (e. g., about 5
to 20) carrehyeentviaponansdiauidl syah el thet existing esperandlg@dstrearhearednrteiticivment
liquid fl ow repeatedly across the colum cross section, which can average
out the cdhsesmalinctie HETP of alpattizrianpacking fon alspecifiasémsatinn thebmbteeefficihain a

| arge di aneter colum with a nmuch lower I/d ratio (e.g., about 0.5 to 5.0).
For this theapaking besadegthadaighdnf packsepaied uvidreed técreasasoyiticthep4E T to t he
ideal is nore severe in |large dianmeter colums, which results in an

i ncrease i n HETRe effv@ncyof giatimtiom chibrhRs iwithl stiugiereXsdtaimg s hoak Widkpendedcyimaj or
econonic penalty, since it increases the overall height of the system of

whi ch t he opeheirdarhstefwper il the btties ge@Betrieend procss fadibrs ke Reld @@Bstentn WWhilegat ¢
the increase in I11(:"1'1" in |large dianeter colums, so that Sltclt

cO LI I'tt] orbhyingRRLIivaRH seddigtidperd fifftpditescales SoBIHe AhRERE icréRedfiim iah
terms of separation efficiency. The prior art i tas not recogni zed or

addr essed skl $ra8RRACT hirSetbr BREGSR Jéttefs EHe' RETAhchASed HSOSHY thEA tdrids to level
del eterious effect of e~ccessive wall liquid slow, and there have been

attenpts 0 Md og Eetekaﬂﬁln@tf:l Fygtconémaﬁéﬁ oftio¥ctbiae H?eeﬂcﬂvc ﬁagtgn;ﬁﬁe%'d wal |

W pers. however, t houg W pers can tednce wall 11 qui ocal |

val | wi pefhﬁ%&.az,oéhavawls%% SPAIAS AL LBl iR auld back Tnto the

packi ng even I n col ums equi wal | wipet:s, there still are

unfavorabl e vag} %trhg%? fI{:)\D chgl'ac?eg"tsf?% SJ—QfngrL %te% 8|Uﬁ Lﬁé Eﬁ%‘/n&;r dYﬁHt?Jt qpypass

at the colum wa can feans 1on t he
annul ar Sﬁﬁg

el S8 A AT E R by %L@%ﬁiﬁ%@eﬂé%ﬁs e 180
| d f h | No.
§8/p |1' ‘é:é%%:'? gi%fﬁ?@ in t%fun&?m:ré%? ?":a%tﬁfsa@“ '”S%:ﬁ%ffgﬁqo 5o L@E{i@ﬁ? VB?%LOE% in
: Co . ASS U.
LS Do e datilde oed <§1\8)ra&5°e§efp%é§ qrq?%wﬁfgaowfo %%&R%umf A58 APt i on

by defornatlon slits, porous |l ers or special wipers in order to
pronot e al'ef BRIgPEGRRH GV °6+'qLI"i’ aﬁﬁuﬂs ﬁtéfi?( c‘i"H't“B wallethpieek sty cingdhaliyd Peging t he
wal | of the colum. LI.S. fat. No. 5,441,793 (Suess) describes the use of

liquid relngh Pé&%mgéneﬁwﬁ@@tresﬁ@ o dbxiPRgkiagigdiacerizhe tral. B vamdiow.

el ements may he made out of L," shaped ntini corrugations. 11.5. Pat. No.

5, 224, 35 #lthoyahARlgIomaletaly Uniferas is Meresnsprm withindbg Ba¢lwig e i hediguisyiions| di ng
sonme of the corrugation edges near the colum wall. U 'S. Pat. No. 5,700,403
(13il1ingharn &pusatheye deusdy lstﬁeystern@trpaEMtormth@fu‘étﬁé@usaroswver@rga: %&;Ftlpackl ng
| ayers wherein alternate corrugated elenents within a structured packing

| ayer nea®f a hpicghLylindrieal packsrhorlums @stdrawntdebemetictdn ¢y Figord @advdfémjng do
towards the wall is reduced. LJ.S. fat. No. 5,282,3G (Victor et al.)

descri besFighre 2)srea dfpidataylindddal tpackedatoldrhe 22 otherens walannular spaber1St etwapor i ze
and reduce wall flow. 16 June 2003 Wil e the packings and net hods taught
inthe first four patents may reduce | liquid flow, the associated costs
are expensive, since the manufacturing techniques are unconventional and
installation of the packings would Iikely be | abor intensive. The proposed
solution of the fifth patent al so woul d be expensive, because it woul d
require additional process circuitry to bring another fluid outside the
colum in order to evaporate the wall liquid inside the distillation

equi pnrent. U.S. Pat. No. 5, 100 448 (Lockett et aI ) dlscloses the use of

B Y N LY O N g, o - " Y



characteristics for cryogenic applications, such as those used 116 &ne 2003
separation, and for other heat and/or nmass transfer applications.
Specifically, it is desired to nitigate the increase in HETP in large

di anet er colums used in such applications, so that such colums approach
t he performance of small dianmeter colums in terns of separation
efficiency. 7 16 June 2003 It is still further desired to have an

exchange col um wher ei e oyerall liquid.tqg vapor (LI rati ithin the
ol unm® deleLbErBRR vl 40 e i Sasing! Whishit ReP SRt hebveq L A o) ke
effects), thereby resylting ipn an inproved mass transfer performance. It is
still furlngse Gdé%qr?%(ﬁ‘t'f’%tr}?a%”%\‘ﬁereﬁfg%)ﬂ'@@”%ﬁyﬁh"{n%ﬂﬁiwg)-a%%‘i FAIET et 1s
packing wherein the LIV ratio is maintained nearly constant in the colum
even if tIeOreasslcUReDIgkgDI el Bspien neohs represaiisy theaimananaled/\C oot it . 1t
is still further desired to balance the LIV ratio across the cross section
of an exchapgécal of idanl canditions Wwake theie goulsi kena eriatieon linhs LAY prtieasosshise
performance of snmall dianmeter colums in mass and/ or heat transfer

ef fi ci encyrosBRICHEN SUMVGRVYTOR STHE line\WNENT ieTiaic fansesentation wéteiron-urdfoem| ayer
of m xed-resistance structured packing, which may be used in one or nore
sections bWV emiicexahtivegie cahinat) Hfoorssethehanss pectiveatl atwbhiaat cplrsisichlepasked a
first phase and a second phase in a process, such as cryogenic air

separ at i ogolurhhe Tiheugvitratimisahsch piyben tkes tiee nelumodniorwalstssahse nfestechive

| ayer of m xed-resistance structured packing in an exchange colum. O her
aspect s ofiquidfowinydsvin 18 callenrainf@tviiida e rdiicatesyist emstamp diashies ling 18EHve

(hei ght equivalent to a theoretical plate) in exchange colums. The

m xed- r eshsiddepasd 19M Eige@ Packing may be used in one or nore |ayers of
packing in one or nore sections of an exchange columm. In such a |ayer of

m xed resi st anggs §dichi et & PRIl LNOMRE IILSPAES BN H: PARKE G DS @slyi N
the central core and a higher resistance packing is used in an out’er

annul us S&Hr{sgb'é{%iy%pteﬁ&n %Httﬁefl&etgi%rcﬁgxﬁ-rﬁﬁc‘ﬁln??fh%%xtw BeiNG P ardib@ i daaper d

the center o e exchange col um an ess toward the colum wall, thereby
counteracﬁ,joggssaco%gmgﬁgcy of liquid to nmaldistribute in the exchange g_

Further, it is well known that maldistribution can result in degradation of the
separation efficiency of the column unless it is mitigated by repeated mixing of the liquid and
vapor phases within the column. This is especially true for tight separations such as those
used in cryogenic air separation.

In terms of mixing characteristics, a small diameter column with a large length to
diameter (I/d) ratio (e.g., about 5 to 20) can mix the vapor flow and, to a lesser extent, the
countercurrent liquid flow repeatedly across the column cross section, which can average
out the consequences of local variations in L/V ratios much better than a large diameter
column with a much lower I/d ratio (e.g., about 0.5 to 5.0). For this reason, the degradation
in separation efficiency compared to the ideal is more severe in large diameter columns,
which results in an increase in HETP.

The increase in HETP in large exchange columns is a major economic penalty, since

it increases the overall height of the system of which the column is a part. It is desired to
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16 June 2003 columm. By using the nethod of the present invention 1boJune 2003
bal ance, the LN ratio (liquid to vapor ratio), |arge dianeter colums
approach the performance of small dianmeter columms in terns of
substantially | ower HETP. In one enbodi nent, the |ayer of m xed-resistance
structured packing conprises: a first structured packing having a first
packi ng resi stance; and a second structured packing generally horizontally
adj acent the first structured packitng, the second structured packi ng having
a second packing resistance different than the first packing resistance. In
one variation, the second structured packing has an inner perineter

subst ant ingilifafc &dtdhcabDintifEl IOt PAMCEBERIMAS od R Lt &llunsisimGtappRgtnae ki ng
and an outer perinmeter greater than the inner perineter. The inner

peri met epedhrniabe Femamdiastietellunigdn Raskemgpsits tARIch@l | y abuts the outer
perimeter of the first structured packing. In another variation, the outer
perimeter of tie priof 8t 1 huCicbé@thed JE Kildrgssanthist fhRciliO PRILGIRLITERSF a®had he
second structured packing are substantially circular. In another variation,
the firstecaptlziehoaelcElisnGiéad Reskidgs GNP Ieeant (hhiedsic RRE AaRfgat ed
plate. In yet another variation, the first and second structured packings
conpri se natighdihal drfedt, Ath SOHGRCRMcdbvaitivhal Wad &vigdrs, 1Rvkvdr,lak BougRiWaN wdbers

di sposed in parallel relation, each said plate having at |east one

cor r ugat icenicdiRasaduatiioanogg| ®alBwfers Aretnot Lér$ STEDSS intetufm@lgdlguRinatioinft

| east one corrugation of an adjacent plate. A difference in resistance

bet ween tlepddkingt TaN csartandomhnsicluiped WRE lkiangwipeBy thee: SUE ateOui@avdidbicer ence
in the angles of the corrugations. For exanple, the angle of the at | east
one Ccorr waddtiodNinilN #aties. fihe ddletaidusl effiees etvapadiypbarg atdhy cdhamidwhif emetnitignted t he
angle of the at |east one corrugation in the second structured packing. In
yet anot e rhevit oficktdittinganéhink frethe At lar Bpate fdas thacRmheialeaioh bhge kblfdshetaind
second structured packings is due to a difference in surface area density
of the fiwigds aRdI%edoNEs dBcloscd IB11 UsIRWIODpaidingay.BY gebnpapktatigs assfp@éd to
exanple, the surface area density of the second structured packing may
exceed t e S{uplRGE 1R i8aaifl apsickiondBedd ®lof 09/566333 fouk oty &chl PaGHEIDevRBONET
enbodi ment of the invention is a |layer of m xed-resistance structured

packi ng GOARiLSVAQF Bpasiil Phedet Caluliy a6l Methodbf S8BMAIGY- n6@BankdadNg an out er
perineter, the central core conprising a first structured packing having a
first packi ngu.8SiastNu1G252,0980(I6qualit ¢ bl. )edesdtbbsthe @stesfapat Ring @izt 7ROINBALIoY

adj acent the outer perineter of the outer core, the outer annul us

conpri si mg dafofRtRAGLS! percisulgd, Paekorigechwipees ia ofRERPHorPAE K FIBE révehisdfance
different than the first packing resistance. Another aspect of the present

i nvent i oiqirid tatk axe iengeking landmwho roaxidaadioighdadimandsoratnbsss et ween a
first phase and a second phase, the exchange colum having at |east one

| ayer of ($icsddiescaisissthaneefdiguidatdiretorpiniennat e packignodgesneaothe tWal. Such
enbodi nents or variations descri bed above. Yet another aspect of the
present iclvRils in@§ beSnac PHOSESS shaped Gy geRdatod] UU.SS BRANALS, 124,36 D (Wp4ingi §19
contacting vapor and liquid counter-currently in at |east one distillation
col um canj @&isérvegsimtlal cApShodiNentiaRSIS bIkimgShiee ofAh@rivpaior kdpeb héarild cviamar
contact is established by at | east one |ayer of m xed-resistance structured
packi ng aslii 0 Pt oo. 5760, aTlilEIRS ctad gl dvRFibadtth® NBmaRATispeth @2boyated The
present invention also includes a nethod for assenbling a | ayer of

M xedr esipadlaiCRy&E WHEEMT RErPR Clshriigitdd eledienSXaaNg streirédfrckiggRiybSicad the

mul tiple steps. The first step is to provide an exchange colum. The second
step i s talOVItGRorfisd Byiethe &ndick @6l [cas ligilidnsardithd Ghl iseddRad Ki.Spat.the | ayer
of m xed-resistance structured packing conprising: a first structured

packi ng habnes avitior atal. paGkilRg ik @sd Sthencaditians ke GREMNAlSH okiet hagorpacki ng
general ly horizontally adjacent the first structured packing, the second

st ruct ur @dd Rack g flold 16 June 2003 having a second packi ng resistance
different fromthe first packing resistance. The final step is to instal
the |l ayer of m xed-resistance structured packing in the exchange col um.



Anot her aspect of the present invention is a nmethod for reducing Tfne 2003
(hei ght equivalent to a theoretical plate) in an exchange colum for
exchangi ng heat and/or mass between a liquid and a vapor, the exchange
colum having at |east one |ayer of structured packing, the |ayer of
structured packing having a central core and an outer annulus generally
hori zontal | y adj acent the central core. The nethod conprises the follow ng
steps: inducing at |least a portion of the vapor in the exchange col um away
from t he out er VAMadheisackings ansdmethegs taghhin thedisst faupratents imay redvee weadlor
toward the central core. In one variation of the nmethod for reduci ng HETP,
t he porti iquidflow hibe\sapadiatet soals amamupénsites Isiioy thdednutpetutingapchmiqusi are
across a cross section of the exchange colum is naintained at nearly a
const ant wadameent¥ell andtimstallatispeftthefpdckiags meend tikely ibe labsy git@rsiiedor The
reduci ng HETP in an exchange colum for exchangi ng heat and/or mass between
a liquid prgosed agiation dfitBe EXE Pattpe apel wonldhavéxpgnsive | fastis®Ravduy esquirke
structured packing, the layer of structured packing having a central core

and an oub&ditictanphobsssaRiaekiltd Yrik@ehaast flid Yutedk a6€ béluinRen cRR tdbvarate - 1
The system conprises: neans for 1 nducing at |least a portion of a vapor in

t he exchapgayvfnlguMnaveihe digMelifieeQupBEn@nnul us; and means for inducing the
at | east portion of the vapor toward the central core. In one variation of

the system thg 9Ehigd Liod M_%E%tte 5 |.f)"ais@ﬁ@é’é‘%he%&%r&%&u&t'&geldnﬂé%éﬁé@'c‘!@por

rati o across a cross section of the exchange colum is nmaint nearly

a ConStanﬁiﬁgr%hyéacﬁfﬁﬁ%ngé/ iASPRGL: tWo.steﬁﬁor%r&%?&ﬁu%ﬁ‘%%ia‘?é'fdiréc@ ety

section in an exchange columm conprising: a first layer of m Xed-resistance

¢ ¢ ’ ) . . . LA

Gosort bogPeBRieiAbihd®rd Badilte ANl LAGRETINMAEDR O, Va1 Rb: 838 130 o
or _variations descr. d. abov

(as in an e of . the enbodi nent i bhe -11. ., 16
Sune. 2003 MRl eRaRPTRe TER Rt Bl BYEE ThE &efhes iy
packi ng, wherein the sec | ayer iis rotated at an.angle relative to the
Pr et Py RGeSOV ST 0N e e 0 BltP S SRR g Yt oacing.
DESCRI PTI OF THE DRAW NGS The invention wll nqow be descri bed way of
oxarl 6 wihoYarBrss BENISTERE G AABHPA/SA ST S ARl A B PHE P LR GG s
a schematjc illustration of an air separation unit; Fiqure 2 illustrates
the L/V r8twoseis-aisepdetien yravflongt\peress tQEyPGOH@mSC%ﬂm%#'éthW% digpiss6Fum
usi ng conventional structured packing; Figure 3 is a schematic diagramof a
pl an vi ew®Eina noayerthey previded areiftionagice ssggertienrd e palekemépri anvaaf B¥asRange
columm; Figure 4A is a perspective view of a conventional structured
packi ng eprohtens; Figure 4B is a schematic diagramillustrating the
crisscrossing arrangenent of adjacent elenents in conventional structured
packi ng; Fi gurk igCi¢sied tochevata ctractuggdmackingswiigl i mipiniaes ube effeaisml of
wi pers in a packed

maldistribution using a variation of conventional structured packing which does not require

any special edge modification of the packing or any additional equipment or circuitry outside
the exchange column.

It is further desired to have a structured packing that shows high performance
characteristics for cryogenic applications, such as those used in air separation, and for other
heat and/or mass transfer applications. Specifically, it is desired to mitigate the increase
in HETP in large diameter columns used in such applications, so that such columns

approach the performance of small diameter columns in terms of separation efficiency.



colum; Figure 5A is a schematic diagramof a plan view of an arré&ndneed@03
of bricks of structured packing at one elevation at a sectional view taken
along line 5A-5A in Figure 5B; Figure 5B is a schematic diagram of an

el evation view of an arrangenent of a plurality of layers of structured
packi ngs between liquid and vapor distributors in a section of a

distillation colum; Figure 6 is a schematic diagramillustrating the flows
of liquid and,vapor. in a | ow pressure colum of a conventional two-colum
air separat i oft i Ueesigg & PRRORCGHFE WhRTEnaPT SURTe I SUE Bt | ¢

IME ToBY
diagramillustrating the flows of |liquid and vapor In a | ow pressure col umm
in a tv-¥EROELYY) TRHe g(i”f””é*éep Wen geviaiRs es litdpas pPepiRie framitae RormiRg) ¢excluding
illustrating the effect of liquid maldistribution and 1111x1118 on two

par al | el WelbeifRm®. tRetebydeswWiingib @0 inareyre inass\eassier aRgeMansei on.
U-~21"/~ILI?DU;SCRIT""fION NP 1'IIL: INVI:N flON For case of CTISCs51011,
t he present i Hiestiliforhersdaséed ta havg arsexnpaoes eeldmindiinged stiuatuneddackingki ng
el cneanis, hrirl<N, and InycrF illurrtrntod in 1'ignreF 4A iltrou~h 53 and
di scussedhérelndte LM e senainteinedinesincorstenalrstbe calymheever d the sibsaditedauitlypes

of structured packing, including but not limted to the types of pickings
di scl osednd vapgdnéove bleoonstmgpictapeddongiahtl. S. patents assigned to the assignee
of the instant application: US. |"at. No. G 119,181 to Sunder entitled
"T(orizontal &liggol turter Gesicdd<tongiiandel theiL/\/Ratic a&oed Ade brtfss \BeStitrdlef an
entitled "Stackable Structured Packing with Controlled Symetry"; and U. S
Pat. No. efrh8ri§e Eaddimd andtosieke BRid didragter &ltmas HpedadtaelipagorhdrReRfsmalit h
f3i-Directional Surface Texture and a Mass and Treat Transfer Process Using
Such PacliaR@tds,coRiitin mdsebRé ot RbatitRinkter kt@iéngy 3, the present invention is
di scussed with reference to a |l ayer of structured packing 20 within a
section of a packed colum 22 wherein the |layer includes a higher

resi stance packing 24 (identified by "A") and a | ower resistance packing 26

(identified by "13") in @F@Eﬁ%rﬁf!\jll\ﬂﬂhﬁtd)ppmél @bRd in Figure 3. (As

di scussed below alld illustrated 1 n Figures 4A through 513, a "layer" is

t ypi cal | d - -1 f chrj [ : t
hat i1 oged ek S ieie| i et o ek e b AR M oSG 5 7

Fi 3. _the high i St. Ki CA) S I trtll 1S
TS Shq LR RO BL bR BRSSO DRl BB B RsPiaS 1)

"alll111111S" i fi d h i, f | b ded b .
concent iragen b fis BhastngSacki Pt i§ aeior sl i T RS R atiaian shown

in higrc_.3, . the. term"outer 16 June 2003 annul ys" 28 is th ortion of
Lhe pranE b BURBIAT F5° PIRVGESLA TR #EsTh Ao v oul TR BRPRE® col um
22 and the congentr.i C. Ci rclﬁ 42 defini ?3(% the perineter of the "central
core" 3cstructured packing in an exchange column. Other aspects of the invention are a method

and a system for reducing HETP (height equivalent to a theoretical plate) in exchange

columns.

The mixed-resistance structured packing may be used in one or more layers of
packing in one or more sections of an exchange column. In such a layer of mixed-
resistance structured packing, lower resistance packing is used in the central core and a
higher resistance packing is used in an outer annulus surrounding the central core. This
forces more vapor flow toward the center of the exchange column and less toward the

column wall, thereby counteracting a tendency of liquid to maldistribute in the exchange

-8-



Al t hough the boundary between the central core 30 and the outer atthdlmes 2283
isillustrated as a circle 42 in Figure 3, for manufacturing reasons the
boundary in actual practice is a jagged boundary having a series of
straight lines roughly approximting circle 42. The segnmentation of the

| ayer illustrated in Figure 3 is only one exanple. Many other variations
are possi ble, depending on the columm dianeter and the packi ng di nensi ons.
The invention is not Iimted to the configuration show in Figure 3, nor is
[t oRIYEn P U e meingd Pl RiRIEh gV ston R AaTeedne Y ralle Gadiice

| evel s. Persons skilled in the art will recognize that other configurations
may be us@@oRiREC) [REde dpmeter RalHMNREPEIoRER thererigaRRIca PS SMal difgnaiet sayrans

resi stances may be used As illustrated in Figure 3, the relative sizes of

t he out erin&Tmsl ajsubgantiady iaverddntR.al core 30 are determ ned by the dianeter
of circle 42 (i. e., the perineter of the central core). For a given size
colum 22, if Inhleeeesmodiaientdhelager dfamiked-sasistanop dtrmctyeed packing, gongrisekea 42
has a | arger dianmeter) than that shown in Figure 3, then the outer annul us
28 wi || HestrstruetiirededagkisghbVieg atfinstipackiag redisiamce; andagacenBstricburee paekiyg 1 f
the central core is relatively smaller (i e., circle 42 has a snaller

di anet er )genbadlly hbddonsdiowajacantthg dirst sGuctliinpdckiag othe secannsttucsural bhclbigg
relatively larger than that shown in Figure 3. Persons skilled in the art

W Il recagirgea §éb@hd?uamm@k§siéfaﬁdeaaiﬁgeﬁt AR tHEOWSH fHcRing@ssistaRcdli anet er of
circle 42 can range froma lower limt near zero to an upper limt near the

di aneter of i NARkKe WalidtioAthe AbtdRIGRICHAE Bé&fr\%rﬁagfénﬁ’rm%ﬂfﬁ@t’érb'&tiétérﬁ%ﬁya

circular central core 30 in a packed colum Z2 having a circular 1 nner wall

40, ot here £LAMBIAALIENSefh&ePOSHE B & strhOlrNARING ank e RAGRRSinbhelt diEatehner

wal | 40 of columm 22 and/or the perineter 42 of "'the central core 30 nmay be

h h i LG . " ' h

he ot o e e i B el B e S g B Bl e

outer anny th‘éo&blt&.ge?ifheter tﬂé‘ﬂgstZQRJ%tLPSd 'chn{n%e. {SPJA?S& r ArideHTRd LGephare
net e efined b wal 1740 an

havi ng an out er peri r y T nner an 1 nner perimeter

defined hy th , i et 42 of the central. . f ' to th
embod mereriTeRelod s U8 TR B et bl T BRRI R iR i e R gt 1
counteractipg the depletjon oﬁ liquid flowin the outer annulus 28 of the
packi ng b%?CP'ﬁal?&? ﬁ%’sga@ﬁﬂlx PS5+ ¥eduction in the vapor flow within the outer

annul us. This can be acconplished by m xing resistances in such a way that
t he outer anndPﬁQOtBFr %’%%Fh%ﬁrlst §r§§§cgn%t?qﬁtwegpg n9sSPmpLse &t Fﬁaﬁh%%/e

resi stance packing 24 and the central core 30 has a | ower resistance

backi ng SOTaREHeAE, h Yt Ao BET Yeerlce. e Bt AR SRAPTT )90 PRERIGR ance
relative to the vapor flow M xed resistances nmay be obtai ned by varying
one or nEPERGES PRIUREY viaiyorind eliessmaer e &i-likgentgrie!r APPSR d 3’@"%{%6 t he
outer annulus 28 -- corrugation angle) surface area density, surface

t ext ur e, rplafienreach @i plptechaving allsast ong certugstion dispasrdat shpege@ndnges t he
resi stance characteristics of the packing. By inducing |ess vapor flowin

t he out ercriagaiossirg atipndtonsrieastaqyer carrugationwh pa adipsenieplipteal Actitfereges in he
overall liquid to vapor (LN) ratio within the colum 22 shows | ess

devi at i onedistencet fedwernthe ditst and se¢ondedirycturesl peskings maysfeedueptoral diffenence in
inproves in terns of the required HETP. For commercial colums, reductions
i n hei ghttse aragles @ thecwriubatianse Fal Exanes she engle opthemrt epstanechriugationdrs g
resistance in the outer annulus. Wth the resulting balancing of the liquid
t 0 vapor fifst strudtirbd packingosay bé difleastt tteartee afiglé bithd agleastadneaorrugatiohdn teTP of

| arge industrial columms can be reclainmed. This can result in much | ower
section betqHt Sruciédpadkirgns! ates info a reduction in the overall cost of a
system -15 16 June 2003 The conventional technology for using structured

packi ng has b@e?etcb&wér%ﬁaﬁdh, rERdfe@hcé Ve rddaitaHbeSoadREAHY fitet AR Séddiet ur ed
packing that followed U S. Pat No. 4,296,050 (Meier), which describes

corr ugat gQutlifedJadkifgs Rafle 1% AiffErdnks iPRRtdceairt®BendtyRAME G OANE Béddhaal
structured packing element 32 is shown in Figure 4A. Each packi ng el enent
is made of thin netal foil or other suitable material which is corrugated.
A distillation colum 22 packed with conventional structured packing is
illustrated in Figures 5A and 5B. A typical structured packi ng enpl oys
vertically-oriented corrugated packi ngsheets or el enents such as that in
Figure 4A wherein the corrugations are arranged at an angle to the
vertical. Each packing sheet is positioned such that its corrugation
direction is reversed fromthe corrugation direction of its adjacent
packi ng sheet, as illustrated in Figure 4B. (The solid diagonal I|ines
represent the corrugations of one packing sheet, and the broken di agonal

oy o o o A e N 1



16 June 2003 Structured packing bricks 34 typically are assenbl ed B”ﬁrﬂre 2003
| ayers (48, 48') in a section of a distillation colum 38 as shown

Fi gures 5A and 5B. Figure 5A is a plan view which shows the arrangerrent of
about twelve bricks at one elevation as a sectional view at 5A-5A in Figure
5B. Figure 5B shows an el evation view of the entire arrangenent of a
structured packing colum having a pIuraIity of layers (48, 48') in a
section betmeen a liquid_distributor 44 and a vapor distributaor 46? wher ei n
successi vrYclyed §a€@@95 489§ ees?magcrth%aur(qg?p@r@arqeys'&bat,thegsweﬁeséruﬁ Wed per

| ayer) are rotated relative to each other at right angles (i. e., 90 ).

Thi s I-s tRREKINGSPCVIRBA the suilgemeea density Of)thf?errrStrS@tUétUT%p%ﬂQerns can be
used (e.g., where successive |ayers are rotated at an angl e between about O
and about 90) .Amiberpembedimenhetihe owentin i5i 2ayehef aixedgsistance sftructured
conventional packing, as discussed below In conventional packing, the

bri cks 34pakirgneonebrsirgt irosubstntihllyasraitapweniral darghrendAn auter pdrimdter, iieel f rom
i dentical elements 32, as shown in Figure 4A. The present invention uses at
| east t wocethtrbf aare ndmpngiresa Ofst sthestbras ipacidhgeharitga fide pecidhgsatancheaddsmt | on
of the bricks, as shown in Figure 3. Those |located in the outer annulus 28
ar e for neshtefareliesgstealytadrizprtaw stfacenhihglbeter peshetbaciciee bateveperthé bowr and
those in the central core 30 are fornmed of elenents that provide a | ower

resi st ancgnhriufusvedqeprisidow. seEbed dtrliElrRnNsasinignhaesd at ReRd rRXkiRE relslstahee
differences in the surface area density, which usually is expressed in

terns of drﬂérgﬁtmgntﬁgefrgpfgm qesisehesd by the packing. (The term "surface
area density" neans the surface area of the structured packi ng per unit

volune of the gidGiddped opﬁ%lﬁrf%n} g@ﬁ{%ﬂ id Qr‘?e %%@ol@ﬁﬁ?or%?@t%ng;}ﬁgq{eat he

packi ng used in the outer annu woul d relative t

surface aér?o%rdrﬁggéhﬁé/tw%n LRERAGKL Bq kO ﬁ&tegﬁ{)oegﬁﬁ?nh%ocohﬁm RLARG LY el Y,

whil e retaini ng e sanme surface area ensr outer 'annulfus 28
and the vV I uld
be used i egtse AL R ikeshs0R 8L R g LR “e'c‘gﬂa%ktﬁé%%t’t%*%g?%h%w%?g*ﬁn@
packing in the cenqt re 30. -17 16 June 2003 In addition, other
surface foeraaﬂ?eonsaes%'trngo b[%em xed to di fferentr ate the packr ngs bet Ween

t he outer ann @ %:f cor.e eatures include textt;

ol s or ori 11 (e Fh%“‘rp&% e Srat N Sraf et S G S SRR E S SalR or
ot her nmeans whjc m xed u arI or si rrultan ousl n, conbi nati on
o th of eTarg et e RREaa: Tad e Bttty K 31 aF oHs clealaton e o
vapor flow between the outer annulus and the central core. Qther variations

and ext erFs’i”Eﬁ‘@”%Pt PRYECCBRAYEAS§130Ne B igid VERPTFOPEShIS establishad Ph t he

art. For exa variations could include nore than two resistances in
each | ayet 95§ %WEYGJIOf gRReReipiENCa Rt URd BREHILATSN 2BY BB IeMPREinitodndri xed
resistances in only sonme, but not all, layers of a packed section. This

gener al tvadptpngResaTiRes #’&)Yebe applied to any heat and mass exchange col um
whi ch has counter flowing |liquid and vapor (or gas phases) and which
exhibits systematic mal distribution such as descri bed above. The present
invention also is not Iimted to distillation or to cryogenic distillation
appl i cati ons. THeepnesedenveritineatd aludes expethiodddr éssentiding laylaydreofaniabysi s
bel ow. Al though the present invention has nore general applicability, for
ease of desstasss sinchfed peckangah weiexchdrive @nahry sorspristigemsitiple stéyes. SEeefirat | on
of argon and oxygen in a conventional two-columm air separation plant.
Sanpl e cataisad ipryvideodn exuhabge seQHeNClRE cohdBtdpas oepalidelelakénbfmakee- and
the corrective effect of the current invention are provided bel ow. The

separ at i egsiQARIEHtRICIUEIY SBRERMgStHe/eb ot ket pésianRvsttRespakinglcdmpriding:n a
conventional two-colum air separation plant 10, such as that shown In

Figure 1g fTi!%tr@&ﬁﬁé@%clﬁﬁ@ﬁb\ﬁrh@é‘ﬁrst BacikirifreSigtafitd: @ht @recai®stRlRaNeY patkiriggur e
6. In addition, the follow ng paraneters were assumed: ar gon/ oxygen

m xture; 3§erEFN %rrzgﬁtaﬁﬁﬁﬁé@édtfﬂ@é fi r§¥ SERBUreAPEENIAY, thd\secohdbtrubiatddibakirgns

wer e frrst performed to conmpute the ideal separation under uniformflow
conditions. Those results were then conpared with a separation when the
colum is split into two parallel colums of equal area having different LN
ratios within the -18 16 June 2003 colums. As sone m xing occurs in real
colums, the level of mxing was studi®y as a



variabl e between 0 and 3 internediate m xes. An exanpl e of a speclf iJgne 2003
m xi ng pattern is shown schematically in Figure 7. (Oher mxing patterns
may be obtained in a simlar manner.) Figure 7 provides an exanpl e of
relative flows, assuming only liquid maldistribution with one internediate
m x. The relative flow splits for liquid are indicated in the upper portion
of the di agram and the relative flow splits for vapor are indicated in the

Power ti,on of the diagram  The ¢ nse uen s.of the present in tion
were ool BAIY 8cPeByNE R g SPRiaGE S YRGS LTI e BIRPeR atGITEn ¢ he
two parallel colunmm alth F‘g% W th di fferent absol ute flows. The
par anet eF%epd%@d“?‘tﬁ" Réaver o desisiracasirestusd nacltpg i igrsrchampeeglymny 1. 4,
7% Ar in liquid at the top, 0.5% Ar at the bottom and 25 theoretical
stages. The réggthes aéPleWé thePeaseat inspationrie asmetiedi far Fecising HEERJheightl at ed
bel ow. Cal cul ated rel ative packed colum | engths to acconplish the sane
separ at i gAuikaientite arihedselicabpiate)-in- 2 exaakdge colomnifRiescharging seatiand/aimass di st
2 m xesL&V mal dist 0 m xesL&V maldist 1 m xL&V nmal di st
between a liquid and a vapor, the exchange column having at least one layer of structured
packing, the layer of structured packing having a central core and an outer annulus
generally horizontally adjacent the central core. The method comprises the following steps:
inducing at least a portion of the vapor in the exchange column away from the outer
annulus; and inducing the at least a portion of the vapor toward the central core. In one
variation of the method for reducing HETP, the portion of the vapor.is an amount whereby
the liquid-vapor ratio across a cross section of the exchange column is maintained at nearly
a constant value.

Yet another aspect of the invention is a system for reducing HETP in an exchange

column for exchanging heat and/or mass between a liquid and a vapor, the exchange
column having at ieast one layer of structured packing, the layer of structured packing
having a central core and an outer annulus generally horizontally adjacent the central core.
The system comprises: means for inducing at least a portion of a vapor in the exchange
column away from the outer annulus; and means for inducing the at least portion of the
vapor toward the central core. In one variation of the system, the portion of the vapor is
an amount whereby the liquid-vapor ratio across a cross section of the exchange column
is maintained at nearly a constant value.

Another aspect of the present invention is a packed section in an exchange column
comprising: a first layer of mixed-resistance structured packing (as in any one of the

embodiments or variations described above); and a second layer of mixed-resistance

structured packing (as in any one of the embodiments or variations described above)

-11-



2 m xes0.01. 00001. 00001. 00001. 00001. 00001. 00002. 61. 05391. 00005. 34. 2H804003
04521. 00031. 000310. 01. 24001. 09281. 00151. 001515. 01. 26501. 0030 The fi ndi ngs
fromthese calculations are as follows. First, the HETP of an ideal colum
stated in relative terns is 1. This is showm in Figure 8 by all the cases
whi ch have 0 maldistribution within the two parallel colums. The nunber of
internmedi ate m xes has no effect on this cal cul ation. But when |iquid

mal di stribution is inposed at t 2.6% 5% 10% -19 16 June 2003 and 15%in
the two tspiadRelowtRg fistlayer efiaixpeassistance SuaiaPH PRENTY. i Wiareiadse secamik
graphed results in Figure 8 show that the relative HETP i ncreases with

i ncr easi myer igvelptegiat ah @nole retative & thieticstilayer. The Begle mayr pretiktween mbrin@®
mtigates this effect, it does not elimnate it. In contrast, providing a
count er bahdmbom@Wapor nmal distribution to restore the LN ratios between the
two parallel colums practically elimnates the problem For instance, if
the liquid maldistribution is t 5% then HETP increases to a relative val ue
of 1.288. One (1 ) internediate m x reduces this to only 1.045. However, if
count er bal anci ng vapor HRIBFICEICRIFPTEONIOF The SRAR/INGEportion in order to
restore the LIV ratio to 1.4 in both colums, then the HETP goes back down
to 1.0003, evemevihidhtidh Wil XdMDbe Bt My Wiyl dt dxakiple MitiUieference to the

mal di stribution, even with 2 intermedi ate m xes, relative HETP increases to

1 265. RestOrpdgidgNirk@ings, iRXvHigunt er bal ancing vapor flow reduces the HETP
to 1.003. The cal culations show that it is very inportant to maintain the

LN ratio near ey Fonsd 28tndatt ilHalibh B LB cobitbPyf 17 the absolute
liquid and vapo ' ows cannot be nal ntained constant. The cal cul ati ons al so
show t hat intes Ina L XJ (At f.ec | di.strj ion. But
as mxing is :%r' réejazglhlﬁséd%/é% {l?]% %dj a&ﬁéﬁﬁ-tuhggrgﬁ{ydﬁnat %Ffﬁt&frarle Al glh%%r é%'ﬁégé& a
secondarﬁ reans, SéJOCh as ta?%&hi bé tqﬁ )resent invention, can inprove the
per f or ma Qe e TSP e TS HEH P Y& not ed that the above cal cul ati ons
were perfornmed.with several specific assunptions_as an exanple only. |f
changes are 6%"?:} 'tshaesglbeéﬁ?tpci ‘g'a?ﬁaﬂ Bfé,pq%? Vteﬂ’eog? SRELD é@ng‘a‘iif?séﬂé?ceor t he
mal di stri€uti og anE. m. X1 n% atternF, the results will show the same

qual i t at PURCHIESRFSKIAG Ehan 6‘8@H9?HBF@”my be changes in quantitative terns.
Thus, the present invention has very, general applicability to contact
towers that ha&sre A48 dPSTacEHE bRW 93?)8?”‘1%”89@ﬁg?trf“r‘f“@&ﬁﬂ%&”&ﬁ‘?r@ﬁ?t?
directions. It _can apply to cr yogeni c and non-cryogenic distillation, as
wel | as any hERUrRAEhiaRy&chaTantsr daaes BiskhatingethgreiEasPetinavirengersest of
structured packing as the contacting neans. -2 0 16 June 2003 The present
i nvent i oRdigsery elemets mx sanvenianel erydired gaeldhSient i onal structured packi ng
whi ch does not require any special edge nodification of the packing within
t he col um or Fiatye 48ds @i sahamabiguiganemtiliustrating thei useyoforaliswipers inea patkarh.

Al so, rather than attenpting to elimnate the liquid flow variation, it
count er scelh@n; vari ati on by inducing a simlar flow variation mthe vapor
flow such that the LIV ratio variation is mnimzed. The concept of using
m xed resi st aRigess dAtiharschesbligbagtay ef agtart hiatv dfteer &rargendint bébdcieest i n
resi stance between the central core and the outer annulus of a columm has
not beenstaicgged peckingatione eviatiin &rd sdctiohst vieustakernalynd imeltesA reFigaresmacki ng
within the entire packed section. The prior art does use different packings
in conpl et el yFgapasBlie apatk@tis eifddran Sof Wnt flevatnPaek @ aé odrtiAgemait o acan be
done by varying surface area, corrugation angle, or other neans. (For
exanpl e, pigeatydf Byefalf strtured JdRingd Befe@MRLId Hid \Rlpo) distriBUford A sédtion
conpletely different fromthe present invention in structural arrangenent,
as wel | & &istiikhén tAteRded purpose. The purpose of those prior art
arrangenments is to get even approach to floodi ng between different sections

of @ distill atiban 8l 4Ementhid adiaf PURRRE 19l nOMLoREIPLEG AR haBwl S 1O

bal ance Wrati 0s across the cross section 0 columm and to meke | arge

col ums I | 0B / r.ansfer efficiency.

Vari ous p’é}@ o%?%glﬁﬁsﬁ%&? {oﬁggﬁbzsa'eﬁ’to I nveﬁtaﬁggb%%\ﬁgﬁ Bﬁe'gn described with
particular reference to the exanples illustrated. However, it should be
appreci ated that variations and nodifications nay be made to those

enbodi ments and exanpl es without departing fromthe spirit and scope of the
invention as defined in the appended -dRai ns. -21



16 June 2003 CLAIMS 1. A |ayer of m xed-resistance structured paclg DGre 2003
conprising: a first structured packing having a first packing resistance;
and a second structured packing generally horizontally adjacent the first
structured packing, the second structured packing having a second packi ng
resistance different than the first packing resistance. 2. A |layer of

m xed-resi stance structured packing as in claiml, wherein: the first
structured packing has an outer perinmetet3 the second structured packing
has an inner perinmeter substantially equal to the outer perineter of the
first structured phiglticrigs andiaRcleut:ed dipgtm mbtseditingrieaflers dfhianidtdne vajanar
perineter; and the inner perineter of the second structured packing

subst anti al | ya Bbytrsssitrheolonh aér a pexdoiaiiedir @parbthe vhityat! st ruct ured packing. 3.
A |l ayer of m xed-resistance structured packing as in claim?2, wherein the
outer perineter ofFigme 8§ israsdhag tiltusedtingabe pdek ohbjadh datdivaibuiaeindod ixingedrer  of
the second structured packing are substantially circular, 4. A layer of

m xed- r esi st amogastlelwotuume dvith @€ lithgyt bdarpigivapardistrtbusabst antial |y circul ar
central core having an outer perinmeter, the central core conprising a first
structured packi ng havi hgTAISHIY BESQREKIONY OTERIIS INVIETIOMNd an out er annul us
general ly horizontally adjacent the outer perineter of the central core,

t he outer annul us Bongsd of Rigc@svectndreentupventied is A@scribed using conventional

structured packing elements, bricks, and Inyers illustrated in Figures 4A through 5B and

discussed below. However, the invention also may be used with other types of structured
packing, including but not limited to the types of packings disclosed in the following
copending U.S. patents assigned to the assignee of the instant application: U.S. Pat. No.
6,119181 to Sunder entitied "Horizontal Structured Packing”; LS. Pat. 5901,575 to
Sunder entitled "Stackable Structured Packing with Controlled Symmetry"; and U.S. Pat.
No. 5,876,638 to Sunder cntitled "Structured Packing Flement with Bi-Directional Surface
Texture and a Mass and Heat Transfer Process Using Such Packing Element".

Referring to Figure 3, the present invention is discussed with reference to a layer
of structured packing 20 within a section of a packed column 22 wherein the layer includes
a higher resistance packing 24 (identified by "A") and a lower resistance packing 26
(identified by "B") in the configuration illustrated in Figure 3. (As discussed below and
illustrated in Figures 4A through 513, a "layer" is typically made from a plurality of
"bricks" of packing elements or sheets that fit together to fill the cross section of a
column.) As shown in Figure 3, the higher resistance packing ("A") is in the outer annulus
28 and the fower resistance packing ("B") is in the central core 30.

An "annulus” is defined as the portion of a plane bounded by two concentric
circles

in the plane. As used herein for the embodiment shown in Figure 3, the term "outer



16 June 2003 packi ng having a second packi ng resistance differé6tdunbaz0d3he
first packing resistance. 5. A layer of m xed-resistance structured packing
as in claiml, wherein the first and second structured packings conprise at
| east one corrugated plate. 6, A |layer of m xed-resistance structured
packing as in claim11, wherein the first and second structured packings
conprise a plurality of corrugated plates nmade of foil-like materi al

di sposed in par here ati ach said plate @gs;{ ast one
cor r ugat FoRuERsBudte BETah o5 Hn A8 aS ey ate s G A PerediT i 34 cast
one corrugation of_an adjacent rpl ate. 7. A layer of m xed-resistance
structur "}ﬁaf@iH”?szza@q © CPAGERLE C‘W?e@eqeﬁ”'f‘ﬁéheaw‘dm@t?ffowrf?e Cgptr3l €aSt 3Bne
corrugation in the first structured packing is greater than the angl e of
the at |east dH&oES HifgRRYNEArY hetivsen é"e‘ﬁ:@?fdraéﬁiaft?c%%?@ﬁi”ﬁaw%@nn@s Isayer
of m xed-resistance structured packing as in claim1, wherein a surface
area dendliusyratgfd ashe cielegtRdinsitiguret 3irfed maaoieachging se@ﬁoeattm behagera isactuate
area density of the first structured packing. 9. An exchange col um for
exchangi mgadieats ajadyest bavegsrylietvivgenseme$ bf Staigitidises snudhly apeooddatplyagele t he
exchange colum having at |east one | ayer of m xed resistance structured
packi ng &. iTheckgmnantdtion & tBe laydbilldairéedd0Fdyure 3 is only one example. Many other
variations are possible, depending on the column diameter and the packing dimensions.
The invention is not limited to the configuration shown in Figure 3, nor is it limited
to the use of only two packings of two different resistance levels. Persons skilled in the art
will recognize that other configurations may be used and that more than two different
packings having different resistances may be used
As illustrated in Figure 3, the relative sizes of the outer annulus 28 and the central
core 30 are determined by the diameter of circle 42 (i.e., the perimeter of the central core).
For a given size column 22, if the central core 30 is relatively larger (i.e., circle 42 has a
larger diameter) than that shown in Figure 3, then the outer annulus 28 will be relatively
smaller than that shown in Figure 3. Conversely, if the central core is relatively smaller (i e.,
circle 42 has a smaller diameter) than that shown in Figure 3, then the outer annulus will
be relatively larger than that shown in Figure 3. Persons skilled in the art will recognize that
numerous variations are possible, as the diameter of circle 42 can range from a lower limit
near zero to an upper limit near the diameter of inner wall 40.
Although the preferred embodiment utilizes a circular central core 30 in a packed
column 22 having a circular inner wall 40, other combinations are possible. For example,
the shapes of the inner wall 40 of column 22 and/or the perimeter 42 of the central core 30

may be other than circular. In those cases, the “outer annulus” 28 would not have the

actual geometric shape of an "annulus” as defined above. Instead, the outer annulus would

-14-



10. A process for cryogenic air separation conprising contactind VépoR08hd
liquid counter-currently in at |east one distillation colum containing at

| east one mass transfer zone wherein |iquid-vapor contact is established by
at | east one |ayer of m xed resistance structured packing as in claim1.

11. A method for assenbling a | ayer of m xed-resistance structured packing
i n an exchange columm, conprising the steps of: providing an exchange

col um; %rovidin a |layer of m xed-resistance structured packing, the |ayer
of m xed? Fé’éﬁh&f%f%b%f %9 iy PPFARKINE G OHIRSPPYTRYGT defineddty inner L\ﬁ@ﬂd’qﬂe%f‘d
packi ng having a first Packin resi stance, and a second structured packing
gener al | gNiS1Er peRmaler fetifdiethe oukRs perimeter d2rafihausasdraperiRidRy, the second
structured packing having a second packing resistance different than the
first packi ngReéssiing taribe embadimentilastiatedyintheure Jy the pesent kugntiers wstksaye
structured packing in the exchange colum. 12. A nethod for reduci ng HETP
(hei ght equntsrakingthe depletidredr letuiccfiw ipltied @)ted annahis @8at thegra ool unyrindueing
exchangi ng heat and/or nass between a liquid and a vapor, the exchange

col um hawimitaradéduceeasit toneagoayiew withinghe uotetaerdilysacliisnean Hehaccomptisheaf by
structured packing having a central core and an outer annulus generally

hori zont adikiig adiigaptds hhricBenivaalth&tahe ouepaphuiss g sbhe drodll RyeRowEtigRs. - 24
16 June 2003 inducing at least a portion of a vapor in the exchange col umm
avay froreétha HaybeigHe fasidisicedadking 24 and the central core 30 has a lower resistance
packing 26, wherein the term resistance refers primarily to the resistance relative to the
vapor flow.

Mixed resistances may be obtained by varying one or more of the following variables
between the central core 30 and the outer annulus 28 -- corrugation angle, surface area
density, surface texture, perforations, packing types, or other variables which change the
resistance characteristics of the packing.

By inducing less vapor flow in the outer annulus 28 and more vapor flow toward the
central core 30, the overall liquid to vapor (L/V) ratio within the column 22 shows less
deviation from the nominal and thereby the mass transfer performance improves in terms
of the required HETP. For commercial columns, reductions in heights can reduce the
overall pressure drop in spite of increased resistance in the outer annulus. With the
resulting balancing of the liquid to vapor flow (L/V) ratios, at least some of the degradation

in the HETP of large industrial columns can be reclaimed. This can result in much lower

section heights, which translates into a reduction in the overall cost of a system.

-15-



inducing the at least a portion of the vapor toward the central cd6elun232008
met hod for reducing HETP as in claim 12, wherein the portion of vapor is an
anmount “wher eby the l'i qui dl vapor ratio across a cross section of the
exchange colum is maintained at nearly a constant value. 14. A systemfor
reduci ng HETP (hei ght equivalent to a theoretical plate) in an exchange
colum for exchangi ng heat andl or mass between a liquid and a vapor t he
exchange col u havin er of structur acki ng, .the | ayer
of Sttt ur ed | PERTAGUSR) oG B ogL AT NG SR paﬁk'%ﬁa? aﬁwggﬂ t5ghiar al Iy
horizontal ly adjacent the central core, conprising the follow n means for
i nduci ngmapy P@B%Patﬁnﬁd?eﬂ'tiatﬂ'ﬂgotp siuglRs PRGKINgHBatdQUT e chlaﬂh‘ﬁ ﬁ%@? O5Fom t he
outer annulus; and neans for inducing the at |east a portion of the vapor
toward tHeeieRnwhish deserbes]srrugatagsstarpted inaciinaiand 116, anmistans t He besiet i on
of vapor is an anount whereby the |iquidlvapor ratio across a cross section
of the eswivanipmacstusiied pagkingrelemerd@24s shmyer inyigure dAs tEaeh pegking elenrer 16
June 2003 26 1 G A packed scclion in an exchange col unm, conprising: a
first | aigemadafofthixertal &slics btiec sutsbleucataria dvhiddk corgugated. A distiiativricolamd a
second | ayer of m xed-rcslstance structured packing as in claim1 | ocated
bel ow t hg2 padketistith coneentinandtietliree phstimnisellustratedtin FedrgseSA ang 5Bwher ei n t he
second layer is rotated at an angle relative to the first layer. 1'7. A
packed secti OA t@sicdl Btrédti@reBph&Riny BB pR I vérical gRdileatddohebarepagkinytshfetand
about 90. 18. A layer of m xed-resistance structured packing as in claim 2,

wher ei n phglemerRNWIChAE thdtn FREISEANFRIEIS tHH Sorhughtidrizadre |ah|<énEedi st alapgeng
resl stancc. 19. A layer of m xed-resistance structured packing as in

clai med ¢ iHeh@drgddn té’e%hé%&?:’ﬂg sp@gklsn&srt%ﬁbats@ewdtsmgé&mg@ﬁoﬁ Raactdreisf i r st
packi ng resistance. L. ALN. A. AuF. AA3?. A{. A

A 3. ASqﬁés@@‘%oﬁ%h@%@mﬁg%h@#ﬂﬁﬁi%ﬁgf @ad‘fbce’ﬁl: pfckﬁé-sﬁeet’?‘as A& in Figure

4B. (The solid diagonal lines represent the corrugations of one packing sheet, and the

broken diagonal lines represent the corrugations of an adjacent packing sheet.) When
placed in the vertical for use in a distillation column the corrugations form an angle (<) with

the horizontal. In addition to being corrugated, the elements or sheets may have surface
texture, holes or other orifices, dimples, grooves, or other features which can enhance the
performance of the basic element.

Using such basic packing elements, a “brick" 34 of structured packing is made by
assembling the elements (typically about 40 to 50 elements per brick) such that the
corrugations of adjacent elements are arranged in the crisscrossing fashion shown in
Figure 4B. (The means used to secure the elements in place are not shown.) When the
bricks are placed within a cylindrical column, the edges of the bricks near the wall are rough
and jagged, creating gaps. To reduce liquid bypass, wipers 36 typically are used as shown

in Figure 4C.
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& wr mhc”Y] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
V] ca] ca] ca] ca] ca] ca] ca] ca] cTa] cTa] ca! & [ O#tWhz f 3;
B} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! BO-#c$gP&$&1&3&&+. . 046" 6/ 666. 777878,;
8 8889a9;

(ool acalerhelenantealeshoal shslentanlaal alsg) e aglgn oo

; <k<<==, =2GBDDDHJ" L* L7LBNp QI TRT T TU#UEUUUUJ VX xsni d_Z] ] ca] ca] ca] ca] cal ca]
ca] ca] ca]¥ &tstlionCaluH) G Fe A1V t@aﬁ'@ﬁf%ﬁ]"@@]d\c% FAYWETEHTF @] amyiewMd¥dit a] ca]
ca] ca! W>WNWAKXKXXYsYYY#Z+Z8Z; ' _
Zn{ [[[ [\ \shgwpthe arrandgireny of avﬁubth]va]bd@hsﬁtgp@aﬁaqwélsmcemaiaiewmpeeﬁa calca
U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

, avaaa$hinbiourg $B.) bigggsiRwyapys-aruelevation view of the entire arrangement of a structured
| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] calacking aplcahdaliog leadlplity o€ @l ¢S (HLS-1EB] )W € adatfondletidex] ciuihdistabuataj ca) ca
]ca] ca]ca]c
a] ca] ca] ce\gruiad \empedistdajtoad @ alheadic ajwapsied lagdre §8; 48 ) alpakingdlypirbiyadooai ca! | )
"M<k9l 5A$?F5} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca
] ca] ca] ca inajesa]igraparddyea) arajrotajediatiatlectalezah etebatight angles (i.e., 90°). This is
~HFV' evN } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

] ca] ca] cahé ahea]wainsed Qﬁhﬁ?&rﬁ@iw@b@aﬂw@ﬁ}&aﬁdﬁ patterns can be used (e.g., where
cUgz?nm’ evN } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca]

ca] ca] calsetslvead s 6l eadtedbeal 6716 BbG&AkR@bout 0° and about 90°).
' Kgi K- 9$nL0% u& ()-3"10% u&' ()-10% u& () -

10% ug& () - f 109 1 0 -
10% ug: 8 y23" ﬁ%epﬁagfém ﬁ%gﬁ%}gﬁﬁé o rér}%eﬁ@?? T%%“%é" %&Q%W&%%zbcg

?S“?@“E%@Sﬁ%%%%%@%’ﬁ%f ﬁé&%@?}%@‘:&a@é"fﬁ’e $Buaony swhavahon
dEncos A3 fP”ﬁ%%}&oT)'d%Wi%&qﬁﬂzs“tsa%@aShSW%f&/%&rf)4A3 TOROEES. g |
ey SR o Ryt o ittt b Mt B oS okl o Htobdict 107

of the bricks, as shown in Figure 3. Those located in the outer annulus 28 are formed of
elements that provide a higher resistance to vapor flow, and those in the central core 30 are
formed of elements that provide a lower resistance to vapor flow.

The differences in resistance may be due to differences in the surface area density,
which usually is expressed in terms of m¥m?® of the volume occupied by the packing. {The
term “surface area density” means the surface area of the structured packing per unit
volume of the structured packing.) Thus, the surface area density of the packing used in
the outer annulus 28 would be higher relative to the surface area density of the packing in
the central core 30.

Alternatively, while retaining the same surface area density in both the outer annulus
28 and the central core 30, a packing having a lower corrugation angle could be used in

the outer annulus 28 relative to the corrugation angle of a packing in the central core 30.

-17-



10 10 10: 109 ()- O#~ @$NL0% F"10% u& () -, &10% u& ()- 10 10 10: 16 June 2003
109 ()-L" 0" 10% ()-!5" 10%& () - #WAdE~_@$mL0% 3" 10% u& () -

F'10% U& ()-10% u& ()- Z"10% u& ()--10% u& ()- ,10% u& ()-z

f dE~ @$NML0Y®* G' 10% & () - 3( G’ 10% u& () -, &Z10% u& () - &$10% u& () -

"G'10% u& () -
G'10% u& () - 3dE~_@$MLO0Y%6F" 10% u& () -1 4mL0% u& () -f23"10% u& ()- 03" 10% u&

9(@?\3\67::13(:8';{%%)6?? g?g 1’%08%@@@@506‘3%@%&@ (’Wereﬁ)@tﬁ thgypagpkings between
10-u@ 310% u& ()-y83"10% u& ()-7!! +#~#n&! &" &X9. C 109
310%g& () im%autm@yw@ﬁd%& catin) GOTE) -T@esquﬂws@qwrfem@@w@@@p P} orifices,
Y'10%gg& () - m' &#&$&1&3&8&* +j HC 10g, ; 31! 3 "109%XX& ()-! 3 "10%z& ()-3
"10% &' () dimpleg @ Vves -hepeseighe Forragriionaguaves,. or OUNB Meand Bgichrosw e (nixed
"109%@k ()-3 !"10%T& ()-3 y&0%& ()- 10z 10z 10z#F"10%& () - N3g4466
6! 6" 6/ 6} r gingulkdly LorlPig&nepusly in combination with other features to achieve the purpose of
varying the resistance to vapor flow between the outer annulus and the central core.

Other variations and extensions of these concepts will be obvious to persons skilled
in the art. For example, variations could include more than two resistances in each layer
in several sequential annular sections, or application of mixed resistances in only some, but
not all, fayers of a packed section. This general technique also may be applied to any heat
and mass exchange column which has counter flowing liquid and vapor (or gas phases) and
which exhibits systematic maldistribution such as described above. The present invention
also is not limited to distillation or to cryogenic distillation applications.

The present invention is explained further by the analysis below. Although the
present invention has more general applicability, for ease of discussion of the analysis, the
analysis refers to the separation of argon and oxygen in a conventional two-column air
separation plant.

Sample calculations of the consequences of imbalance of the L/V ratio and the
corrective effect of the current invention are provided below. The separation example
represents the bottom of a low pressure column 4 in a conventional two-column air
separation plant 10, such as that shown in Figure 1.

The assumed conditions for the calculations are shown in Figure 6. In addition, the
following parameters were assumed: argon/oxygen mixture; 25 psia; 25 theoretical stages;
nominal L'V = 1.4, Calculations were first performed to compute the ideal separation under

uniform flow conditions. Those results were then compared with a separation when the

column is split into two parallel columns of equal area having different L/V ratios within the
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10T 10T 10Ty; 310%& ()-0"10%& () - ! 16 June 2003
Y". 109%€@eg’ ()-m Y' 109 T&' () -m 666. 7778dEg\ = 10gL@L0% & ()-LG'10% & () -9

Z10% & ()-LZ10% & ()-LG 10% & ()-9Z10% & ()-8 8889a9; dEg\ = 10g9f

7"10% & ()-&L10% & ()-F10% & ()-L9 10% & ()-L G 10% & ()-9ml0% & ()-:

; 0; ; <k<<dEg\ =

10g6Y"10% & ()-4Y"10% & ()-2Y"10% & ()-0Y"10% & ()-.10% & ()-9* 10%N & ()-<=

====, =>[ ?b@ 10g! " 10%& ()- ni 109%& (L- " S&3109%&' ()- 10\ 10\ 10\l @
410% & (§I8MNS 0P LOME MPSAPERHIDINDIERLI@IMNg ot level of mixing was studied as a
3109&' ()-! ("109%& ()-& ("109& ()-& 9"109& ()-"9"109%& ()-"!

m' 109&' (yart eHE® B nterpediotarizes) - | F" 109&' () - !

F'"109%& ()-F"10%& ()-&y10% ()- 10 10HJ"L' L(L)L*L7LL~ @1

10s" 10% & () - Ah &xdrope &F @ spedic bXinbO@ttern is shown schematically in Figure 7. (Other

109 ()-!'s, M 10% ()-1"Z"10%& ()-LBNPMQPQRITZ[9~ @1
mixing patterns may be obtained in a similar manner.) Figure 7 provides an example of
relative flows, assuming only liquid maldistribution with one intermediate mix. The relative
flow splits for liquid are indicated in the upper portion of the diagram, and the relative flow
splits for vapor are indicated in the lower portion of the diagram.

The consequences of the present invention were calculated by showing the effect

of rebalancing the L/V ratios in the two parallel columns, although with different absolute
flows. The parameters used in these calculations were: Ar/ O, binary, 25 psia, LV 1.4, 7%

Arin liquid at the top, 0.5% Ar at the bottom and 25 theoretical stages. The results of the

calculations are shown in Figure 8 and tabulated below.

Calculated relative packed column lengths to accomplish the same separation.
Maldistn- L L L L&V L&V L&V
bution: maidist maldist maldist maldist maldist maldist
+-% 0 mixes 1 mix 2 mixes 0 mixes 1 mix 2 mixes
0.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
28 1.0539 1.0000
5.0 1.2880 10452 1.0003 1.0003
10.0 1.2400 1.0928 1.0015 1.0015
16.0 1.2650 1.0030

The findings from these caiculations are as follows. First, the HETP of an ideal
column stated in relative terms is 1. This is shown in Figure 8 by all the cases which have
0 maldistribution within the two parallel columns. The number of intermediate mixes has

no effect on this calculation. But when liquid maldistribution is imposed at + 2.6%, 5%, 10%
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109 & () - #UEUUUUIVXVAEDC 1 10! syl0% & ()- " 10% & ()- YI0% & ()- @
1096 & ()- " 910% & ()-3@0% & () - xXVW>WMKAELC 1 10!

L&10% & ()- $10% & ()-L"10% &'() L

021006 & 190 SORORAER 19 gﬂ&eza "R R0 @ PR SETBYRSESp9%S (DOSIES. vz

Z)Z*Z+78Z; ZpC. 1_10! L10% & ().- 0% & 10" 10" 10"If;

T & () "eaHia 6o 8uEe 8&&@%@@65\6 r%zme[ HE&%MB@% Wirseemasiag(Igvel of liquid
10%\ & ()--1 109\ & ()--1109& ()--! . . L
910% \ & r@aldlsglt@)@@m& le Bdeimediie giinbitigates thigieffect, it does not eliminate it. In

G'10%& ()-gG 10%& ()-g$310%& ()- 10x 10x 10x S&IOW& ()-! S&10%\ & () - de5f

contrast, providing a counterbalancing vapor maldistribution to restore the L/V ratios
between the two parallel columns practically eliminates the problem. For instance, if the
liquid maldistribution is + 5%, then HETP increases to a relative value of 1.288. One (1)
intermediate mix reduces this to only 1.045. However, if counterbalancing vapor flow is
induced in the same proportion in order to restore the L/V ratio to 1.4 in both columns, then
the HETP goes back down to 1.0003, even with no mixing. Similarly, with £ 15% liquid
maldistribution, even with 2 intermediate mixes, relative HETP increases to 1 265.
Restoring L/V ratio by counter balancing vapor flow reduces the HETP to 1.003.

The calculations show that it is very important to maintain the L/V ratio nearly
constant in a distillation column even if the absolute liquid and vapor flows cannot be
maintained constant. The calculations also show that intermediate mixing mitigates the
effects of maldistribution. But as mixing is increasingly limited when the column diameter
increases, a secondary means, such as taught by the present invention, can improve the
performance of the column.

It should be noted that the above calculations were performed with several specific
assumptions as an example only. If changes are made in the specific mixture, or the
process conditions, or the maldistribution and mixing patterns, the results will show the
same qualitative trends even though there may be changes in quantitative terms. Thus, the
present invention has very general applicability to contact towers that have liquid and gas
or vapor flowing in countercurrent directions. [t can apply to cryogenic and non-cryogenic
distillation, as well as any heat exchange and/or mass exchange operation which uses

structured packing as the contacting means.
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G 10%& ()-9! G'10%& ()-gjjjj~km)ogE= 1 10! sm 109 ()-! sni'10%& ()-!

sm' 10%&' ()-sm 109 ()- %40%& ()- 10 10)ogqgqqqgss_= 1 10! LZ"10%"& ()-G
FLZ"10% " & ()-G &F10% & ()- 10 10 10l @ 10%& ()-9s$" 109 ()- sSvAwy

yyyyuj _@1 10! $Yy1l0%& ()- 10" 10" 10"VYS; 10% & ()-&

+M'10% & ()-!193m' 10% " & ()-93m'10% & ()-y?|| ~~bnme[9] _@1 10!

9s*" 10%& ()-&9s*"109%&' ()-& 3Z"109%& ()-3 3Z"10%& ()-3. ! _

Z"10%&' ()-m Z" I@e@e@?ﬂtﬁﬁﬁegf{lq\@j@ a variation with existing coriventional structured packing

which does not require any special edge modification of the packing within the column or
any additional equipment or circuitry outside the column. Also, rather than attempting to
eliminate the liquid flow variation, it counters that variation by Inducing a similar flow
variation in the vapor flow such that the L/V ratio variation is minimized.

The concept of using mixed resistances within a single layer so that there are
differences in resistance between the central core and the outer annulus of a column has
not been suggested in the prior art. It is customary to use the same packing within the
entire packed section. The prior art does use different packings in completely separate
packed sections within a packed column, which can be done by varying surface area,
corrugation angle, or other means. {For example, see U S. Pat. No. 5,100,448 (Lockett et
al.)). But that is completely different from the present invention in structural arrangement,

- as well as in the intended purpose. The purpose of those prior art arrangements is to get
even approach to flooding between different sections of a distillation column, while the
purpose of the current invention is to balance L/V ratios across the cross section of a
column and to make large columns approach small columns in mass and/or heat transfer
efficiency.

Various embodiments of the present invention have been described with particular
reference to the examples illustrated. However, it should be appreciated that variations and
modifications may be made to those embodiments and examples without departing from

the spirit and scope of the invention as defined in the appended claims.
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1. A layer of mixed-resistance structured packing, comprising:
a first structured packing having a first packing resistance; and
a second structured packing generally horizontally adjacent the first
structured packing, the second structured packing having a second packing

resistance different than the first packing resistance.

2. A layer of mixed-resistance structured packing as in claim 1, wherein:

the first structured packing has an outer perimeter;

the second structured packing has an inner perimeter substantially
equal to the outer perimeter of the first structured packing and an outer
perimeter greater than the inner perimeter; and

the inner perimeter of the second structured packing substantially

abuts the outer perimeter of the first structured packing.

3. A layer of mixed-resistance structured packing as in claim 2, wherein
the outer perimeter of the first structured packing and the inner perimeter of the second

structured packing are substantially circular.

4, A layer of mixed-resistance structured packing, comprising:
a substantially circular central core having an outer perimeter, the
central core comprising a first structured packing having a first packing

resistance; and

an outer annulus generally horizontally adjacent the outer perimeter

of the central core, the outer annulus comprising a second structured
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packing having a second packing resistance different than the first packing

resistance.

5. A layer of mixed-resistance structured packing as in claim 1, wherein

the first and second structured packings comprise at least one corrugated plate.

8. A layer of mixed-resistance structured packing as in claim 1, wherein
the first and second structured packings comprise a plurality of corrugated plates made of
foil-like material disposed in parallel relation, each said plate having at least one corrugation
disposed at an angle and in crisscrossing relation to at least one corrugation of an adjacent

plate.

7. A layer of mixed-resistance structured packing as in claim 6, wherein
the angle of the at least one corrugation in the first structured packing is greater than the

angle of the at least one corrugation in the second structured packing.

8. A layer of mixed-resistance structured packing as in claim 1, wherein
a surface area density of the second structured packing is greater than a surface area

density of the first structured packing.

9. An exchange column for exchanging heat and/or mass between a first
phase and a second phase, the exchange column having at least one layer of mixed-

resistance structured packing as in claim 1.
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107 A'process for cryogenic air Separation comprising contacting vapor

and liquid counter-currently in at least one distillation column containing at least one mass
transfer zone wherein liquid-vapor contact is established by at least one layer of mixed-

resistance structured packing as in claim 1.

11. A method for assembling a layer of mixed-resistance structured
packing in an exchange column, comprising the steps of:
providing an exchange column;
providing a layer of mixed-resistance structured packing, the layer of
mixed-resistance structured packing comprising
a first structured packing having a first packing
resistance, and
a second structured packing generally horizontally
adjacent the first structured packing, the second structured
packing having a second packing resistance different than
the first packing resistance; and
installing the layer of mixed-resistance structured packing in the

exchange column.

12 A method for reducing HETP (height equivalent to a theoretical plate)
in an exchange column for exchanging heat and/or mass between a liquid and a vapor, the
exchange column having at least one layer of structured packing, the layer of structured
packing having a central core and an outer annulus generaily horizontally adjacent the

central core, comprising the following steps:
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14. A system for reducing HETP {height equivalent to a theoretical plate)
in an exchange column for exchanging heat and/or mass between a liquid and a vapor, the
exchange column having at least one layer of structured packing, the layer of structured
packing having a central core and an outer annulus generally horizontally adjacent the
central core, comprising the following:

means for inducing at least a portion of a vapor in the exchange
column away from the outer annulus; and

means for inducing the at least a portion of the vapor toward the

central core.
15. A system as in claim 14, wherein the portion of vapor is an amount

whereby the liquid/vapor ratio across a cross section of the exchange column is maintained

at nearly a constant vaiue.
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located below the first layer of mixed-resistance structured packing, wherein

the second laycer is rotated at an angle relative to the first layer.

17. A packed section as in claim 16, wherein the angle is between about 0° and
about 90°.
18. A layer of mixed-resistance structured packing as in claim 2, wherein the second

packing resistance is gieater than the first packing resistance.

19. A layer of mixed-resistance stiuctured packing as in claimed 4, wherein the second

packing resistance is greater than the first packing resistance.



